The unavoidable load of the large wind turbine due to the wind shear effect, the tower effect and other unavoidable disturbances cause the unbalanced load of the impeller, and the larger the diameter of the wind turbine, the stronger the imbalance of the force of the whole wind turbine surface, which will cause a large fatigue load to the key components of the unit. This kind of fatigue load cannot be solved by using the unified pitch. This paper presents a method to convert the fatigue load into a pitch system as a control According to the GL2010 specification and Bladed software, a 2MW wind turbine with a large blade of a wind farm is taken as an example, and the whole load is verified by the whole load test. The effectiveness of the control strategy alone provides a practical solution for the batch application of the independent pitch control strategy, and provides technical support for the comprehensive promotion of the large impeller type independent pitch technology.
Introduction
In recent years, the pitch control mode has become the main mode of operation of large and medium-sized wind turbine blade control at home and abroad, that is, the wind turbine sets the blade pitch angle to control and control the blade pitch according to the change of the external wind speed, so that the wind turbine can make maximum use of wind energy, to ensure that the generator output power is stable.
The pitch system is the role of the production of rotary vane mechanical energy transfer to the transmission system, and according to the wind speed can achieve three independent blade pitch, ensure that the fan can be in a very wide range of wind speed has a high utilization rate of wind energy, the wind speed is lower than the rated wind speed, the blade is in 0 degrees, the highest rate of wind energy utilization and the wind speed is greater than the rated wind speed, impeller pitch, maintain the rated speed.
Pitch control technology has two main research directions: unified pitch control and independent pitch control. Uniform pitch control technology is the application rate is relatively high and more mature control mode, that is, control the three blades of the target pitch angle to maintain the same angle. However, with the increase of the diameter of the wind turbine, it is considered that there are large wind shear in most of the wind resources rich areas in China, and the effect of the tower shadow and the random wind disturbance are superimposed on the wind speed distribution Uniformity will be significantly increased. In this case, the same pitch angle will cause the impeller to withstand greater unbalanced loads, and the unbalanced load on the impeller is the pitch bearing, hub, main bearing, nacelle, generator, yaw bearing, and tower the main source of the fatigue load of the key components of the fan is therefore not conducive to reducing the fatigue aging of the fan parts.
Independent pitch control technology is based on unified pitch control technology developed on the basis of pitch control. In the actual operation alone the pitch controller will be based on the impeller position and force, respectively, set the three paddle of the target pitch angle, so that the entire impeller balance force, thereby reducing.
Pitch Control Principle Unified Pitch Control Principle
Wind turbine generator system pitch system using a unified pitch, to ensure that the three leaves at the same time change. The operation of the wind turbine can be divided into four stages, namely, start-up, grid-running phase, maximum wind energy tracking stage and constant power generation stage.
If the wind speed reaches the wind speed of the wind turbine and the wind turbine is faulty, the first step will adjust the pitch angle to a certain angle, and when the speed reaches a certain time, adjust to the optimum pitch angle until the When the output power of the generator is less than the rated power, the pitch control keeps the pitch angle of the three blades at the optimal pitch angle. With the increase of wind speed, the speed of the wind turbine reaches the rated speed. At this time, the power has not reached the rated power. The pitch is still kept at the optimum pitch angle. The wind turbine is maintained at the rated speed by the torque boost. When the torque reaches the rated torque, the power at this time has reached the rated power, the wind turbine to ensure constant power operation, control the pitch system to change the size of the wind turbine pitch angle, thereby reducing the wind turbine to capture the wind, Speed at rated speed. Shutdown stage, variable pitch wind turbine unit in the shutdown, according to the different shutdown mode, the leaves will be different pitch rate back to the foothold position, leaf paddle play the role of pneumatic brake to ensure safe and rapid shutdown of wind turbine.
Independent Pitch Control Principle
Uniform pitch control of the three-blade pitch angle is changed together, and the independent pitch control need to achieve three different changes in the blade, the blade load change pitch angle for feedback adjustment of the independent pitch control, that is, When the wind wheel is affected by the wind shear and the influence of the wind speed, the three blades of the wind turbine are unbalanced, and the asymmetric bending moment is generated at the root of the blade. As the asymmetric bending moment in the wheel of the wind wheel, making the wind wheel hub pitch and yaw, the stable operation of the wind turbine has a serious impact. Through the embedding of the pressure strain sensor at the root of the blade, the change of the root load is detected in real time, so as to effectively reflect the wind and force of the whole wind turbine blade, and reflect the unbalanced load of the wind turbine in real time. In this way, the root load is converted into the pitch moment and yaw moment of the wind turbine, and then the pitch moment and the yaw moment are converted into the feedback control quantity of the pitch angle to realize the independent pitch control.
Independent Pitch Control Strategy Design
Independent pitch control is based on a unified pitch control of a pitch control method, has been established in a unified pitch control loop to increase the load test, feedback loop, to each blade superimposed a separate pitch signal, so that three leaves Has different aerodynamic characteristics to reduce the wind shear, wind wheel imbalance caused by the load.
In addition, the leaf load of the three-phase rotating coordinate system is converted into the load under the two-phase stationary coordinate system by coordinate transformation. After the series coordinate transformation, the blade root load data is introduced into the pitch control circuit. The control command is subjected to the inverse transformation of the coordinates to obtain the individual pitch command, which is input to the pitch system together with the unified pitch command to achieve. Pitch control to reduce the impact of unbalanced loads. Design of the independent pitch control strategy First, the unbalanced load generated by the unit is transformed by the coordinate transformation, and then changed to the pitch angle through the coordinate rice.
Fatigue Load Validation
The fatigue load under the control strategy is different from that of the unified pitch control strategy, which is mainly manifested in the center load of the hub under the blade and the rotating coordinate.
1, leaf root My, Fx, the blade of the cross section of the direction of the torque will be reduced in the material coefficient m = 10, the reduction rate of about 9%. Leaf blade outside the surface load 10%, can effectively improve the fatigue life of the blade, the same unit conditions can increase the blade to achieve cost-free unit expansion; but the root of the Mz will be due to pitch movements have increased frequently, m = 10, Is 4.5%. 2, fixed and rotating under the hub of the My and Mz have different degrees of reduction in the fixed coordinate system m = 4 down about 4%, about 24% of the rotating coordinate system, the situation is conducive to the hub, the main bearing, the main frame, Generator set, rotor, cabin and other structural parts and the connection of the lightweight bolt. The main components of the unit weight reduction optimization, can effectively improve the adaptability of equipment.
Conclusion
The development of the independent pitch control strategy is of great significance to the structural design optimization of large wind turbines. The fatigue load of My and Mz under the rotating wheels is reduced by 24% when the material coefficient m = 4 is favorable for the spindle and the hub Connection bolt optimization, m = 10, 26% amplitude reduction is conducive to the spindle and the hub of the lightweight. The independent pitch control technology can effectively reduce the imbalance of fan impeller load and reduce the fatigue load of the whole machine, which not only prolongs the life of the fan of the existing model, improves the reliability of the equipment, and greatly reduces the cost of aftermarket and operation and maintenance. Can reduce the strength requirements of the new model; for the stereotypes unit, can adapt to higher turbulence intensity of the wind field; for the new design models, can reduce the strength requirements of new models to achieve the design source cost.
